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An abrasive pad used to abrade the surfaces of glass, ceramic,
and metal materials, the abrasive pad being provided with a
substrate layer, and an abrasive layer provided on a first
surface side of the substrate layer and including an abrasive
maternial, and the abrasive layer having a plurality of base
portions arranged mutually separated on the substrate layer,
columnar or frustum shaped tip portions arranged mutually
separated on the base portions, and a group of grooves con-
taining a plurality of groove portions provided between base
portions such that the substrate layer 1s exposed, with each of
the grooves mutually intersecting.
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ABRASIVE PAD AND METHOD FOR
ABRADING GLASS, CERAMIC, AND METAL
MATERIALS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a national stage filing under 35 U.S.C.
371 of PCT/US2013/049513 filed Jul. 8, 2013, which claims
priority to JP Patent Application No. 2012-138007, filed Jul.
13, 2012, the disclosures of which are incorporated by refer-
ence 1n their entirety herein.

BACKGROUND

The present invention pertains to an abrasive pad and a
method for abrading glass, ceramic, and metal materials.

Conventional abrasive pads include, for example, an abrad-
ing component as described 1n PCT Application No. 2002-
542057, The abrading component thereof 1s configured as
provided with a backing material having an abrasive material
on one surface. The shape of the abrasive material may, for
example, be a cube, a block form, cylindrical, rectangular, or
the like. Moreover, with an abrading component described in
the specification of U.S. Unexamined Patent Application
Publication No. US 2011/0033460, a conical protrusion 1s
formed on a base portion of an abrasive layer formed of an
abrasive material. An object of this protrusion 1s to simplily
the mnitial dressing (an operation performed to obtain a flat
abrasive surface), and to determine when the dressing 1s com-
plete (when the abrasive surface has become flat). By shaving,
away the protrusion through dressing to create flatness, a base
portion having uniform abrasive material can be used to
implement abrading.

When abrading wire-reinforced glass, heat-resistant glass,
or another glass substrate for industrial use, or when abrading
a large substrate containing a ceramic or metal material,
extending the useful life of an abrasive pad 1s essential. A
concelvable measure to extend the useful life of an abrasive
pad 1s to 1ncrease the height of the protrusion portion of the
abrasive layer to increase the volume. However, when the
height of the protrusion portion 1s stmply increased, 1n some
cases the protrusion portion can easily collapse. Therelore,
connecting the root portion of the protrusion portion at the
abrasive material layer 1s also concervable. However, with
this configuration as well, countermeasures are necessary to
deal with a decrease 1n the flatness of the abrasive layer due to
contraction when resin 1s light cured, and with a decrease 1n
flexibility due to the integration of the abrasive layer.

SUMMARY

One aspect of the present invention 1s an abrasive pad used
to abrade the surfaces of glass, ceramic, and metal matenials,
the abrasive pad being provided with a substrate layer and an
abrasive layer provided on a first surface side of the substrate
layer and including an abrasive material, and the abrasive
layer having a plurality of base portions arranged mutually
separated on the substrate layer, columnar or frustum shaped
t1p portions arranged mutually separated on the base portions,
and a group of grooves including a plurality of groove por-
tions provided between base portions such that the substrate
layer 1s exposed between the base portions, with each of the
grooves mutually intersecting.

Moreover, one aspect of the present invention 1s a method
for abrading glass, ceramic, and metal materials using the
above abrasive pad. The method 1includes a process of secur-
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2

ing a second surtace side of the substrate layer on a platen,
bringing the abrasive layer and object for abrasion into con-
tact, and then relatively rubbing the abrasive pad and a grind-
ing tfluid against the object for abrasion, while introducing the
erinding fluid between the object for abrasion and the abra-
stve layer.

According to the present invention, an increased useful life
of the abrasive pad can be achieved, and the flatness and
flexibility of the abrasive layer can be ensured.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view showing an abrasive pad
according to one embodiment of the present invention.

FIG. 2 1s an enlarged perspective view showing the main
parts of the abrasive pad illustrated in FIG. 1.

FIG. 3 1s an enlarged side view showing the main parts of
the abrasive pad illustrated in FIG. 1.

FIGS. 4a and 45 are side views showing a variation of the
base portion.

FIGS. 5a-e are outline views showing examples of groups
of grooves formed between base portions.

FIG. 6 1s a side view showing a variation of a groove
portion between tip portions.

FIGS. 7a and 7b are side views showing a method for
abrading an object to be abraded using the abrasive pad 1llus-
trated 1n FIG. 1.

FIGS. 8a-c are illustrations schematically showing the
functional effects of the abrasive pad.

FIGS. 9a-e are side views showing shapes of abrasive pad
samples according to embodiments and comparative
examples.

FIG. 10 1s an illustration showing the results of a test to
confirm benefits.

DETAILED DESCRIPTION

Preferred embodiments of an abrasive pad and a method
for abrading glass, ceramic, and metal materials according to
the present invention are described in detail below while
referencing the figures.

FIG. 1 1s a perspective view showing an abrasive pad
according to one embodiment of the present invention. More-
over, FI1G. 2 1s an enlarged perspective view showing the main
parts of the abrasive pad illustrated 1n FI1G. 1, and FIG. 3 1s an
enlarged side view thereof. As shown i FIGS. 1 to 3, an
abrasive pad 1 1s configured as provided with a substrate layer
11 that serves as a supporting member for the pad, and an
abrasive layer 12 containing an abrasive material. The abra-
stve pad 1 1s an abrasive pad that 1s used to abrade wire-
reinforced glass, heat-resistant glass, or another glass sub-
strate for industrial use, or to abrade a large substrate
containing a ceramic or metal material. The abrasive pad 1,
for example, forms overall a disk shape with a diameter of
around 10 mm to 2500 mm.

The substrate layer 11, for example, 1s configured with a
thickness of around 1 mm from polymer film, paper, vulca-
nized fiber, treated nonwoven material, treated fabric mate-
rial, or the like such that the abrasive pad 1 has a certain
amount of strength and flexibility. Of these materials, the use
of polymer film 1s preferred. Examples of polymer film
include polyethylene terephthalate film, polyester film,
copolyester film, polyimide film, polyamide film, and the
like.

The abrasive layer 12, for example, 1s configured including,
a binder, abrasive particles, and a filler, and 1s formed on one
surface of the substrate layer 11. In addition, the abrasive
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layer 12 may also contain various components such as a
coupling agent, a precipitation inhibitor, a hardening agent
(initiator), and a photosensitizer.

The binder 1s formed from a binder precursor. The binder
precursor contains a resin in an uncured or unpolymerized
state, and when the abrasive layer 12 1s fabricated, the resinin
the binder precursor 1s polymerized or cured, forming a
binder. The binder precursor uses a condensation curable
resin, an addition-polymerizable resin, a free radical curable
resin, or a combination thereof.

The abrasive particles are diamond bead abrasive particles,
for example. The diamond bead abrasive particles used here,
for example, are abrasive particles containing approximately
from 6% to 65% by volume of diamond abrasive particles
having a diameter of 25 micron or less, and are dispersed 1n a
microporous, non-molten, continuous metal oxide matrix of
approximately from 35% to 94% by volume. The metal oxide
matrix has a Knoop hardness of approximately less than
1,000, and contains at least one metal oxide selected from a
group that includes zirconium oxide, silicon oxide, aluminum
oxide, magnesium oxide, and titanium oxide.

The amount of diamond bead abrasive particles contained
in the abrasive layer 12 1s ordinarily approximately 1
weight % or more, and 1s preferably approximately 2
weight % or more. Moreover, the amount of diamond bead
abrasive particles contained in the abrasive layer 12 1s more
preferably approximately 5 weight % or more, and 1s most
preferably approximately 7 weight % or more. The amount of
diamond bead abrasive particles contained in the abrasive
layer 12 1s ordinarily approximately 30 weight % or less, and
1s preferably approximately 25 weight % or less. Moreover,
the amount of diamond bead abrasive particles contained in
the abrasive layer 12 1s more preferably approximately 135
weight % or less, and 1s most preferably approximately 13
weight % or less.

In the formation of the abrasive layer 12, diamond abrasive
particles are mixed with a metal oxide or an aqueous sol of an
oxide precursor, and the obtained slurry 1s added to a dehy-
drated liquid ({or example 2-ethyl-1-hexanol) that has been
agitated. Water 1s then removed from the dispersion slurry,
and the slurry thereof 1s then filtered, dried, and fired to obtain
the abrasive layer 12. The diamond bead abrasive particles in
the abrasive layer 12 are ordinarily a spherical shape, and are
at least double 1n size compared to the original diamond
particles used to fabricate abrasive particles.

The filler 1s a material that 1s used to control the speed of
erosion ol the abrasive layer 12. The filler 1s a particulate
material having an average particle size of generally from
0.01 to 100 um, and typically from 0.1 to 40 um, for example.
Controlling the speed of erosion of the abrasive layer 12
during abrading i1s important 1n order to achieve a balance
between the abrading rate and usetul life. It the filler loading,
1s too high, the abrasive layer 12 may erode too fast, thereby
resulting 1n an insuificient abrading operation. Conversely, 1T
the filler loading 1s too low, the abrasive layer 12 may erode
too slowly, thereby allowing the abrasive particles to dull,
resulting 1n a decrease 1n the abrading rate.

The amount of filler contained in the abrasive layer 12 1s
ordinarily approximately 40 weight % or more, more prefer-
ably approximately 45 weight % or more, and most prefer-
ably 50 weight % or more. Moreover, the amount of {filler
contained 1n the abrasive layer 12 1s ordinarily approximately
60 weight % or less.

Examples of fillers include, metal carbonates (such as cal-
cium carbonate (chalk, calcite, peat, travertine, marble, and
limestone), calcium magnesium carbonate, sodium carbon-
ate, magnesium carbonate, and the like), silica (such as crys-
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tal, glass beads, glass bubbles, glass fibers, and the like),
silicates (such as talc, clays (montmorillonite) feldspar, mica,
calcium silicate, calcium metasilicate, sodium aluminosili-
cate, sodium silicate, lithium silicate, potassium silicate, and
the like), metal sulfates (such as calcium sulfate, bartum
sulfate, sodium sulfate, aluminum sodium sulfate, aluminum
sulfate, and the like), gypsum, vermiculite, wood powder,
aluminum trihydrate, carbon black, metal oxides (such as
calcium oxide (lime), aluminum oxide, tin oxide (for example
stannic oxide), titanium dioxide, and the like), and metal
sulfites (calctum sulfite and the like), thermoplastic particles
(polycarbonate, polyetherimide, polyester, polyethylene,
polysulfone, polystyrene, acrylonitrile-butadiene-styrene
block copolymer, polypropylene, acetal polymers, polyure-
thane, nylon particles), and thermosetting particles (such as

phenolic bubbles, phenolic beads, polyurethane foam par-
ticles, and the like), and the like.

The filler may also be a salt such as a halide salt. Examples
of halide salts include sodium chloride, potassium cryolite,
sodium cryolite, ammonium cryolite, potassium tetrafluo-
roborate, sodium tetratluoroborate, silicon fluorides, potas-
stum chloride, and magnesium chloride. Examples of metal
fillers include tin, lead, bismuth, cobalt, antimony, cadmium,
iron, and titantum. Examples of other fillers include sulfur,
organic sulfur compounds, graphite, and metallic sulfides.

Next, a structure of the aforementioned abrasive layer 12 1s
described.

The abrasive layer 12 features a tile structure like those
shown in FIGS. 2 and 3. More specifically, the tile structure of
the abrasive layer 12 has a plurality of base portions 13
arranged mutually separated on the substrate layer 11, and a
plurality of tip portions 14 arranged mutually separated on the
base portions 13.

The base portions 13 are arranged 1n a matrix shape on the
substrate 11 such that the density 1s from 0.01 to 80 base
portions 13 per 1 cm?, for example. Each base portion 13 has
a flat, roughly cuboid shape with a thickness of 0.5 mm to 2.0
mm, for example, and a roughly square shape from a planar
view. The base portion 13 1s a rigid body, and 1f the thickness
of the base portion 13 1s too thick, there 1s a risk of the base
portion 13 being easily atfected by contraction. On the other
hand, 11 the thickness of the base portion 13 1s too thin, the
abrasive layer 12 can more easily crack. The above range of
thicknesses 1s favorable because 1n that range, the strength of
the base portion 13 can be ensured, and impact from contrac-
tion 1s eliminated.

A surface area of a top face 30 (surface that forms a tip
portion 14) of the base portion 13 is ordinarily 30 mm?* or
higher, preferably 50 mm~ or higher, and more preferably 100
mm” or higher for a case in which oblong glass measuring 3
mx4 m 1s abraded, for example. Moreover, the surface area of
the top face 30 of the base portion 13 is ordinarily 400 mm~ or
less, preferably 300 mm* or less, and more preferably 200
mm” or less. Of course, the optimum range differs depending
on the object for abrasion and the machining pressure (the
ordinary grinding pressure 1s approximately from 50 to 300
g/cm”, for example).

By selecting a range such as this, a sufficient number of tip
portions 14 can be arranged on the base portion 13, and an
abrading region can be thoroughly ensured. Moreover, from a
similar viewpoint as the case of thickness, if the surface area
of the base portion 13 1s too large, there 1s a concern that the
flexibility of the substrate layer 11 may be lost. On the other
hand, 11 the surface area of the base portion 13 1s too small, the
abrasive layer 12 becomes narrow, which could result 1n a
decrease 1n abrading workability. Accordingly, within the
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above surface area ranges, both abrading workability and the
flexibility of the substrate layer 11 can be ensured.

The planar shape of the top face 30 of the base portion 13
can be appropriately selected from polygons such as tri-
angles, rectangles, hexagons, and the like, circular shapes
including ellipse shapes, and the like. In the selection of this
planar shape, consideration 1s given to contact of the abrasive
pad 1 and the object for abrasion accompanying mutual rota-
tional movement, or rotational movement of just one thereot,
when abrading 1s implemented, and a shape that enables
1sotropic abrading to be performed 1s preferred. From this
point of view, a circular, square, or other 1sotropic shape 1s
more preferred than an oblong shape or other amisotropic
shape for the planar shape of the top face 30 of the base
portion 13. Moreover, by giving 1sotropy to the planar shape
of the top face 30 of the base portion 13, 1sotropy can be
allowed 1n the arrangement of the tip portions 14, and the tip
portions 14 can be arranged in a high density on the base
portion 13.

The three-dimensional shape of the base portion 13 may
also be a columnar body or a frustum shaped body. In par-
ticular, a base portion 13 that 1s frustum shaped 1s preferred
because stress 1s not easily concentrated 1n the angled parts,
and the contact surface area with the substrate layer 11 1s
increased.

Here, the selection of the surface area of the base portion 13
will be described for a case in which the base portion 13 1s
arranged 1n a square lattice shape as an example. To simplily
the description, the contribution of a two-dimensional surface
to a magnitude relationship 1s replaced with the contribution
of a one-dimensional width to the magnitude relationship and
explained. In the selection of a width dimension of the base
portion 13, the extent of undulation of the surface of the object
for abrasmn the extent of the material strength of the object
for abrasion, the external shape and dimensions of the object
for abrasion, the height of the tip portions 14, and the like
must be considered. A pitch of the undulation of the surface of
the object for abrasion reaches about 1 um for small objects,
and about 1 m for large objects. Accordingly, for example, by
combining the width of the pitch of the undulation and the
width of the base portion 13, the abrasive surface can more
closely contact the surface of the object for abrasion. More-
over, 1f the object for abrasion 1s formed of a matenal that
does not easily deform, the undulation of the surface does not
casily change during abrading, and therefore, decreasing the
width of the base portion 13 makes it easier to make the
abrasive suriace closely contact the surface of the object for
abrasion. On the other hand, if the object for abrasion 1is
formed of a material that easily deforms, the undulation of the
surface easily changes during abrading, and therefore,
increasing the width of the base portion 13 makes it easier to
make the abrasive surface closely contact the surface of the
object for abrasion.

Moreover, a small object for abrasion has a diameter of
around 20 mm, for example, and a large object for abrasion
reaches to around 3 mx3 m, for example, and therefore,
selection of the width of the base portion 13 according to
these dimensions 1s preferred. In the relationship with the tip
14, when an aspect ratio of the tip 14 1s high, the torque on the
tip 14 (moment of force around the root of the base portion
13) when abrading becomes large, and therefore, 1t 1s prefer-
able to thoroughly secure the width of the base portion 13 and
retain the tip 14.

Neighboring base portions 13 are partitioned by groove
portions 15 that are provided at a prescribed spacing on the
substrate layer 11. For example, as shown i FIG. 3, the
bottom portion of the groove portions 15 1s an R-shape (round
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shape) with a radius o1 0.8 mm on the substrate layer 11 such
that the substrate layer 11 1s exposed at the vertex portion of
the bottom portion. Note that “exposure” of the substrate 11
as mentioned herein means that a thickness of the abrasive
material at the bottom portion of the groove portions 15 that
essentially does not hinder the flexibility of the substrate layer
11 1s desired, and the substrate layer 11 does not necessarily
have to be fully exposed at the bottom portion of the groove
portions 15.

By forming this type of groove portion 15, the side surfaces
of the base portion 13 have a root portion that takes on a
tapered shape. If the object for abrasion with the abrasive pad
1 1s a large substrate, a large load tends to be applied to the
abrasive pad 1 resulting from the rigidity of the object for
abrasion. Therefore, joint strength with regards to the sub-
strate layer 11, and a configuration that alleviates the stress
added during abrading are demanded 1n the abrasive layer 12.
Theretfore, by adopting a tapered shape for the side surface
portions at the base portion 13, the contact surface area
between the substrate layer 11 and the base portion 13 can be
maintained, and joint strength with regards to the substrate
layer 11 can be ensured. Moreover, because the root portion
of the base portion 13 does not form a notch, stress added to
the root portion of the base portion 13 during abrading can be
alleviated.

In addition to the rounded shape shown in FIG. 3, the
tapered shape of the base portion 13 may also, for example,
have side surfaces that are entirely slanted surfaces like a base
portion 13A shown 1n FIG. 4a, and may have a surface shape
(1including a chamfiered surface shape) 1n which only the root
portions of the side surfaces are slanted surfaces like a base
portion 13B shown in FI1G. 45. With these types of shapes as
well, the contact surface area between the substrate layer 11
and the base portion 13 can be thoroughly maintained, and
joint strength between the substrate layer 11 and the base
portion 13 can be ensured. Moreover, because the root portion
of the base portion 13 does not form a notch, localized stress
concentration in the root portion of the base portion 13 can be
prevented.

The width of the groove portions 15 can be appropriately
selected, for example, 1n a range of approximately from 0.5
mm to 3 mm. If the width of the groove portions 15 1s too
narrow, there 1s a concern that the flexibility of the substrate
layer 11 may decrease. Moreover, it 1s also conceivable that
abrading scraps, which are generated when abrading an
object to be abraded, could easily clog the groove portions 15,
resulting in a drop 1n abrading efficiency. On the other hand,
i the width of the groove portions 135 1s too wide, the volume
per unit surface area of the tip portions 14 arranged on the
base portion 13 will become small, and the useful life of the
abrasive pad 1 will decrease. Accordingly, by establishing the
width of the groove portions 15 within the above range, the
abrading efficiency of the abrasive pad 1 can be maintained
and the usetul life thereof can be ensured.

These groove portions 15 are arranged between neighbor-
ing base portions 13, and configure a group of grooves on the
substrate layer 11. Requirements for the shape of the group of
grooves include, for example, that the groove portions 15
themselves mutually communicate, and that mutually inter-
secting groove portions 15 are present.

FIGS. 5a-e show examples of shapes of groups of grooves
between base portions 13 and 14. In this figure, the groove
portions 15 are represented by lines for convenience of
description. As shown in FIG. 5a, a group of grooves 17A 1s
given as an example of a configuration of a group of grooves,
wherein straight line shaped groove portions 15 are arranged
in a lattice shape. The group of grooves 17A forms a square
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lattice 1in which horizontal and vertical groove portions 15 are
orthogonal. This configuration 1s superior in that abrading
1sotropy 1s maintained even when there 1s accompanying
mutual rotational movement of the abrasive pad 1 and the
object for abrasion or rotational movement of just one thereof
when abrading 1s implemented. The intersecting angles of the
groove portions 15 may be approximately from 45° to 135°
similar to the group of grooves 17B shown 1n FIG. 5b6. In this
case as well, a certain amount of abrading isotropy can be
maintained.

Moreover, the lines of the groove portions 15 are not lim-
ited to straight lines, and as shown in FIG. 5S¢, a group of
grooves 17C may also be formed by wavy line shaped groove
portions 15 arranged in a square lattice. Furthermore, as
shown in FIG. 54, a group of grooves 17D may also be formed
with lines extending radially from the center through concen-
trically shaped lines, and a group of grooves 17E may be
tormed with lines extending radially from the center through
spiral shaped lines. By forming a group of grooves 17 like
those described above, abrading scraps generated during
abrading can smoothly flow 1n the groove portions 15, and
decreases 1n abrading efficiency due to the abrading scraps
clogging the groove portions 15 can be suppressed.

The t1ip portions 14 are arranged on the base portion 13 such
that the density becomes from 0.05 to 300 tip portions 14 per
1 cm®, for example. In this embodiment, the tip portions 14
form a roughly quadrangular prism shape with a height from
the substrate layer 11 of around 3 mm and are shaped 1n a 2x2
matrix shape on the base portion 13, for example. In other
words, this type of configuration means that respective
groups are formed by a plurality of tip portions 14 sharing a
single base portion 13. From a planar view, the top face
(abrasive surface) of the tip portions 14 forms, for example, a
roughly square shape measuring 3 mmx3 mm. The side sur-
faces of the tip 14 may also form a tapered shape at the same
angle as the tapered shape of the base portion 13, for example.

The number of tip portions 14 formed on the base portion
13 can be appropriately varied with consideration of the fol-
lowing points. When the number of tip portions 14 1s low, the
abrasive surface and the object for abrasion can be easily
contacted at one or multiple points due to the undulation of
the surtace of the object for abrasion. Therefore, conformance
to the roughness of the surface of the object for abrasion tends
to be easy. On the other hand, 11 the number of tip portions 14
1S numerous, even 1f there 1s undulation 1n the surface of the
object for abrasion, the base portion 13 and the tip portions 14
track the shape of the surface of the object for abrasion due to
the flexibility of the substrate layer 11, and the abrasive sur-
face and the object for abrasion can easily contact at multiple
points. Accordingly, the amount of abrading and the abrading,
speed increase, and the degree of finishing tends to increase.

Moreover, neighboring tip portions 14 are partitioned by
groove portions 16. As shown i FIGS. 2 and 3, the bottom
portion of the groove portions 16 form a rounded shape with
a radius of about 0.8 mm on the base portion 13 such that the
base portion 13 1s exposed at the vertex portion of the bottom
portion. By adopting the rounded shape for the bottom por-
tion of the groove portions 16 in this way, the base portion of
the side surfaces of the tip 14 has a tapered shape. Accord-
ingly, the surface area of the connection between the tip
portions 14 and the base portion 13 1s ensured, and the col-
lapse strength of the tip portions 14 when the height of the tip
portions 14 1s increased can be more reliably increased.
Because the volume of the abrasive layer 12 can be thor-
oughly secured by increasing the height of the tip portions 14,
the useful life of the abrasive pad 1 can be further extended.
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Note that the shape of the tip 14 may be a columnar body or
a frustum shaped body, and for example, may take on a prism
shape, a cylindrical shape, an elliptical cylinder shape, a
truncated pyramid shape, a circular truncated cone shape, an
oval truncated cone shape, or the like. When the tip portions
14 are frustum shaped, similar to the case of the base portion
13, stress 1s not easily concentrated in the angled parts, and
the contact surface area with the base portion 13 1s increased.
As a result, collapse strength can be more thoroughly main-
tained.

Moreover, the shape of the bottom portion of the groove
portions 16 1s not limited to a rounded shape. For example,
similar to the groove portion 16 A shown 1n FIG. 6, the bottom
portion of the groove portion 16 may also have a surface
shape (including a chamiered shape) 1n which only the root
portions of the side surfaces of the tip 14 are slanted surtaces.
In this type of configuration as well, the root portion of the
side surface of the tip 14 has a tapered shape. Accordingly,
even 11 the height of the tip portions 14 1s increased, the
collapse strength of the tip portions 14 can be more reliably
increased.

Moreover, the aspect ratio of each of the tip portions 14
becomes from 0.2 to 10. In this range, an extension of the
usetul life of the abrasive pad 1 can be targeted, and the
collapse strength of the tip portions 14 can be thoroughly
secured. When the aspect ratio 1s reduced, the torque applied
to the tip portions 14 during abrading decreases, and the
collapse strength of the tip portions 14 can be better secured.
On the other hand, when the aspect ratio 1s increased, the
volume of the tip portions 14 can be thoroughly secured, and
the useful life of the abrasive pad 1 can be further extended.
Moreover, because the height of the groove portions 16
increases, the grinding fluid can flow smoothly 1n the groove
portions 16, and clogging of the groove portions 16 by abrad-
ing scraps becoming packed therein can be prevented.

As a method to form an abrasive layer 12 like that above, a
transier method can be used, for example. In the transier
method, for example, amold for which the above tile structure
has been applied 1s set on a platen, and next, a transter mold
1s fabricated. This transfer mold 1s then filled with a curing-
type diamond slurry, and a film that becomes the substrate
layer 11 1s laminated and attached to the slurry. Next, the
slurry 1s cured through optical irradiation, and when the film
1s peeled from the transfer mold, an abrasive pad 1 having an
abrasive layer 12 formed on the substrate layer 11 1s obtained.
The formation of the abrasive layer 12 1s not limited to the
transier method, and may be implemented through machin-
ing, embossing by rolls, or the like.

FIGS. 7a and 7b are illustrations showing an abrading
method using an abrasive pad 1. FIG. 7a 1s an example of
abrading on one surface, and an object for abrasion P1 1s a
wire-remforced glass or a ceramic substrate, for example. In
this example, the abrasive pad 1 1s secured to the surface of an
abrading disc (platen) 22 with an elastic body layer 21 inter-
posed therebetween, the abrading disc 22 1s rotated while
supplying grinding fluid between the object for abrasion P1
and the abrasive pad 1, and the surface of the object for
abrasion P1 1s abraded while a load 1s applied. A retainer 23
that holds the object for abrasion P1 may also be rotated 1n the
same direction as the abrading disc 22 or in an opposite
direction thereof.

Moreover, FI1G. 7b 1s an example of dual surface abrasion,
and an object for abrasion P2, which 1s the target of abrasion,
1s a large glass substrate or a metal plate, for example. In this
example, respective abrasive pads 1 are secured to the surface
of top and bottom abrading discs 24 with a layer 21 having
tflexibility interposed between each abrasive pad 1 and abrad-
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ing disc 24, and an object for abrasion P2 that 1s held by a
retainer 23 1s set between the abrading discs 24. The abrading
discs 24 are rotated while supplying grinding fluid between
the object for abrasion P2 and the abrasive pads 1, and both
surfaces of the object for abrasion P2 are abraded while a load
1s applied. At this time, rotation of the abrading discs 24 1n
mutually opposite directions 1s preferred.

In the above examples, attachment of the abrasive pads 1 to
the abrading discs 22 and 24 can be done using, for example,
a pressure sensitive type adhesive. Examples of this type of
adhesive include latex crepe, rosin, polyacrylate ester, acrylic
polymer, polybutylacrylate, vinyl ethers (for example, poly-
vinyl n-butyl ether), alkyd adhesives, rubber adhesives (for
example, natural rubber, synthetic rubber, and chlorinated
rubber), and mixtures thereof.

Moreover, examples of materials that can be used as the
layer 21 having tlexibility include polyurethane foam, rubber,
clastomer, rubber foam, and the like. By interposing this type
oflayer 21, the tracking capability of the shape of the abrasive
pad 1 with regards to the abrading discs 22 and 24 can be
improved. Note that the layer 21 having flexibility may also
be provided 1n advance on the second surface side (opposite
surface side of the abrasive layer 12) of the substrate layer 11
in the abrasive pad 1. Moreover, the layer 21 having flexibility
does not necessarily have to be provided, and the abrasive pad
1 may be directly attached to the abrading discs 22 and 24.

Examples of grinding fluids include water-based solutions
containing one or more types of the following: amines, min-
eral oi1l, kerosene, mineral spirits, water-soluble emulsions,
polyethylenimine, ethylene glycol, monoethanolamine,
diethanolamine, triethanolamine, propylene glycol, amine
borate, boric acid, amine carboxylate, pine o1l, indole, thio-
amine salt, amides, hexahydro-1,3,5-triethyltriazine, car-
boxylic acid, sodium 2-mercaptobenzothiazole, 1sopropano-
lamine, triethylenediamine tetraacetic acid, propylene glycol
methyl ether, benzotriazole, sodium 2-pyridinethiol-1-oxide,
and hexylene glycol. The grinding tfluid may also contain
corrosion 1nhibitors, bactericides, stabilizers, surfactants,
emulsifiers, or the like.

When this type of object for abrasion P 1s abraded, as
described above, with the abrasive pad 1, the abrasive layer 12
has base portions 13 arranged mutually separated on the
substrate layer 11, and roughly prism shaped tip portions 14
arranged mutually separated on the base portions 13. In other
words, with this abrasive layer 12, individual groups are
formed by a plurality of roughly prism shaped tip portions 14
sharing a single base portion 13, and the collapse strength of
the tip portions 14 1s thoroughly ensured. Moreover, with this
abrasive pad 1, the base portions 13 are mutually segregated
by groove portions 15, and portions not having abrasive mate-
rial exist between neighboring groups. Therefore, the flex-
ibility of the abrasive pad 1 1s thoroughly secured, unlike a
case 1n which all of the tip portions 14 are connected at the
base portion 13.

Accordingly, with the abrasive pad 1, as schematically
shown 1n FIG. 8a, when an object for abrasion P 1s abraded,
the substrate layer 11 bends and tracks the surface undula-
tions of the object for abrasion P, and 1n this manner, the
abrasive surfaces of the tip portions 14, which are formed into
groups on each base portion 13, come 1nto close contact with
the object for abrasion P, and optimal abrading can be imple-
mented. Moreover, with the abrasive pad 1, the collapse
strength of the tip portions 14 for collapse originating with
peeling of the base portion 13 from the substrate layer 11 1s
ensured through a connection with the base portions 13, and
the stress applied to the tip portions 14 can be reduced by the
tracking of the shape of the substrate layer 11. Accordingly,
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even 11 the height of the tip portions 14 1s increased, breakage
and peeling of the tip portions 14 can be suppressed. Further-
more, because the volume of the abrasive layer 12 can be
thoroughly secured by increasing the height of the tip por-
tions 14, the useful life of the abrasive pad 1 can be extended.

Note that a decrease 1n the flatness of the abrasive layer 12
due to contraction when the resin 1n the abrasive material 1s
light cured can also be suppressed by segregating the base
portions 13 with groove portions 135 on the abrasive pad 1, and
variations in the height of the tip portions 14 (tile height) can
be suppressed. Moreover, by segregating the base portions
13, even 1n cases 1n which bending or other forces are applied
to the abrasive layer 12, decreases in the collapse strength of
the tip portions 14 due to cracks forming 1n the abrasive layer
12 as a result of bending of the abrasive layer 12 in portions
not having abrasive material can also be suppressed.

Moreover, on the abrasive pad 1, the bottom portion of the
groove portions 16 between the tip portions 14 forms a
rounded shape on the base portion 13, and the bottom portion
of the groove portions 15 between the base portions 13 forms
a rounded shape on the substrate layer 11. Through this type
of configuration, the collapse strength of the tip portions 14 1s
further increased on the abrasive pad 1, and breakage and
peeling of the tip portions 14 can be more reliably suppressed.

In contrast, for example as schematically shown 1n FIG. 85,
with a conventional abrasive pad 50 that has all of the tip
portions 54 connected on a single base portion 53, there 1s a
concern that the flexibility of a substrate layer 51 may
decrease due to the integrated form of the abrasive layer.
When a decrease 1n the flexibility of the substrate layer 51
occurs, the abrasive surface of the tip portions 54 does not
track the surface undulations of the object for abrasion P,
stress 1s excessively applied to the tip portions 54, and there 1s
a concern that breakage of the tip portions 54 may occur.
Moreover, with the base portion 53 having an integrated form,
in cases 1n which bending or other forces are applied to the
abrasive pad 50, there 1s a concern that the collapse strength of
the tip portions 34 may decrease due to cracks forming 1n the
base portion 53.

Moreover, as shown schematically in FIG. 8¢, with a con-
ventional abrasive pad 60 for which a base portion 1s not
provided and all of the tip portions 64 are formed directly on
a substrate layer 61, while there 1s no problem with the flex-
ibility of the substrate layer 61, there 1s a possibility that the
collapse strength cannot be sufficiently secured when the
height of tip portions 64 1s increased. In this case, the stress
applied to the abrasive pad 60 when abrading 1s concentrated
in the root portion of the tip portions 64, and there 1s a concern
that the tip portions 64 may peel easily from the substrate
layer 61. Accordingly, the adoption of a configuration 1n
which a plurality of tip portions 14 are grouped by base
portions 13, as with the abrasive pad 1, 1s useful from the
viewpoint of extending the useful life of the abrasive pad and
ensuring the flatness and flexibility of the abrasive layer.

Moreover, the presence of constant undulation 1n the sur-
face of the object for abrasion, which 1s the target of abrading,
1s as described above, but constant undulation 1s also present
in the abrading disc, conveyor, and other components on the
abrading equipment side. The abrading disc 1s ordinarily
hard, and therefore, changing the shape of the undulation 1s
difficult. Accordingly, giving the substrate layer 11 flexibility,
and appropnately selecting the thickness and other conditions
to provide the abrasive pad 1 with allowance for deformation
1s effective. Ease of attachment of the abrasive pad 1 on the
abrading disc can also be secured by giving the substrate layer
11 ample flexibility. Moreover, particularly when surface
undulation of the object for abrasion and undulation on the
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abrading equipment side cannot be canceled with flexibility
of the substrate layer 11 alone, the installation of a layer 21
having tlexibility on the second surface side of the substrate
layer 11 1s effective. By mterposing a flexible layer 21
between the abrasive pad 1 and the abrading disc, the tracking,
capability of the abrasive pad 1 side can be further improved,
and more optimum abrading can be implemented.

As explained above, functional benefits like those that
tollow are accomplished according to aspects of the present
invention.

One aspect of the present invention 1s an abrasive pad used
to abrade the surfaces of glass, ceramic, and metal matenials,
the abrasive pad being provided with a substrate layer, and an
abrasive layer provided on a first surface side of the substrate
layer and including an abrasive material, and the abrasive
layer having a plurality of base portions arranged mutually
separated on the substrate layer, columnar or frustum shaped
t1p portions arranged mutually separated on the base portions,
and a group of grooves containing a plurality of groove por-
tions provided between base portions such that the substrate
layer 1s exposed between the base portions, with each of the
grooves mutually 1ntersecting.

With this abrasive pad, individual groups are formed by tip
portions sharing a single base portion, and the collapse
strength of the tip portions 1s thoroughly ensured. Moreover,
with this abrasive pad, the flexibility of the abrasive pad 1s
thoroughly ensured because the base portions are mutually
segregated by groove portions, and portions not having abra-
stve material exist between neighboring groups. Accordingly,
with this abrasive pad, when an object for abrasion 1s abraded,
the substrate layer bends and tracks the surface undulations of
the object for abrasion, thereby enabling optimal abrading to
be performed. Moreover, with this abrasive pad, the collapse
strength of the tip portions 1s ensured through a connection
with the base portions, and the stress applied to the tip por-
tions can be alleviated by the tracking of the shape of the
substrate layer. Accordingly, even 1f the height of the tip
portions 1s increased, breakage and peeling of the tip portions
can be suppressed. Furthermore, because the volume of the
abrasive layer can be thoroughly secured by increasing the
height of the tip portions, the usetul life of the abrasive pad
can be extended.

Moreover, with another aspect, a surface area of a top face
of the base portion is from 30 mm~ to 400 mm~. By selecting
a range such as this, a suificient number of tip portions can be
arranged on the base portion, and an abrading region can be
thoroughly ensured. If the surface area of the base portion 1s
too large, there 1s a concern that the flexibility of the substrate
layer may be lost. On the other hand, 11 the surface area of the
base portion 1s too small, there 1s a concern that a decrease in
abrading workability may occur. Accordingly, in the above
range of surface areas, both the strength of the base portion
and the flexibility of the substrate layer can be ensured.

Moreover, with another aspect, the bottom portion of the
groove portions between the tip portions forms a tapered
shape on the base portion. Through this, the surtface area of the
connection between the tip portions and the base portion 1s

ensured, and the collapse strength of the tip portions can be
turther 1increased.

Moreover, with another aspect, the bottom portion of the
groove portions between the base portions forms a tapered
shape on the substrate layer. Through this type of configura-
tion, the contact surface area between the substrate layer and
the base portion can be thoroughly maintained, and the joint
strength with regards to the substrate layer can be ensured.
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Moreover, because the root portion of the base portion does
not form a notch, localized stress concentration in the root
portion of the base portion during abrading can be prevented.

Moreover, with another aspect, the substrate layer 1s
formed of a material having flexibility. Giving the substrate
layer tlexibility to provide the abrasive pad side with allow-
ance for deformation 1s effective. In this manner, surface
undulation of the object for abrasion and undulation of the
platen to which the abrasive pad 1s attached, or the like, can be
absorbed, and optimal abrading can be implemented. More-
over, as described above, because portions not having abra-
stve material exist between the base portions, hindrance of the
flexibility of the substrate layer due to the abrasive layer can
be avoided.

Moreover, with another aspect, a layer having tlexibility 1s
provided on the second surface side of the substrate layer. In
this case, even 1n cases 1n which surface undulation of the
object for abrasion and undulation of the platen to which the
abrasive padis attached, or the like, cannot be absorbed by the
flexibility of the substrate layer alone, the tracking capability
ol the abrasive pad side can be ensured and optimal abrading
can be implemented through a layer having flexibility.

Moreover, with another aspect, the aspect ratio of the tip 1s
from 0.2 to 10. In this range, an extension of the useful life of
the abrasive pad can be targeted, and the collapse strength of
the tip portions can be thoroughly maintained. When the
aspect ratio 1s reduced, the torque applied to the tip portions
during abrading decreases, and the collapse strength of the tip
portions can be better secured. On the other hand, when the
aspect ratio 1s increased, the volume of the tip portions can be
thoroughly secured, and the usetul life of the abrasive pad 1
can be further extended. Moreover, because the height of the
groove portions between the tip portions increases, the grind-
ing fluid can flow smoothly 1n the groove portions, and clog-
ging of the groove portions by abrading scraps becoming
packed therein can be prevented.

Moreover, one aspect of the present invention 1s a method
for abrading glass, ceramic, and metal materials using the
above abrasive pad. The method includes a process of secur-
ing the second surface side of the substrate layer on a platen,
bringing the abrasive layer and object for abrasion 1nto con-
tact, and then relatively rubbing the abrasive pad and a grind-
ing tfluid against the object for abrasion, while introducing the
grinding fluid between the object for abrasion and the abra-
stve layer.

With this abrading method, when an object for abrasion 1s
abraded using the abrasive pad described above, the substrate
layer bends and tracks the surface undulations of the object
for abrasion and the surface undulations of the platen, thereby
enabling optimal abrading to be performed. On the abrasive
pad side, the collapse strength of the tip portions 1s ensured
through a connection with the base portions, and the stress
applied to the tip portions can be alleviated by the tracking of
the shape of the substrate layer. Accordingly, even if the
height of the tip portions 1s increased, breakage and peeling of
the tip portions can be suppressed, and because the volume of
the abrasive layer can be thoroughly secured, the usetul life of
the abrasive pad can also be extended.

Next, a test to confirm the benefits of the present invention
1s described.

In this test, samples of abrasive pads having abrasive layers
with different shapes were respectively fabricated, and then
the leading edge of each of the tiles was inserted between a
bolt and a nut, and the collapse strength when the lower part
was pulled was measured by a tensile tester.

FIGS. 9a-¢ are side views showing shapes of abrasive pad
samples according to embodiments and comparative
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examples. With a sample S1 of a Comparative Example 1
shown 1n FIG. 9a, a base portion was not provided, and
roughly prism shaped protrusion portions 102 having a height
of 0.8 mm were arranged on a substrate layer 101 to form an
abrasive layer 103. Moreover, the surface area of the abrasive
surface was 2.6 mmx2.6 mm.

With a sample S2 of a Comparative Example 2 shown in
FIG. 9b, a base portion was not provided, and roughly prism
shaped protrusion portions 104 having a height of 5 mm were
arranged on a substrate layer 101 to form an abrasive layer
105. Moreover, the surface area of the abrasive surface was 3
mmx3 mm. With a sample S3 of a Comparative Example 3
shown 1n FIG. 9¢, a base portion was not provided, roughly
prism shaped protrusion portions 106 having a height of 5 mm

were arranged on a substrate layer 101, and an abrasive layer
108 was established with bottom portions of groove portions
107 between neighboring protrusion portions 106 having a
rounded shape with a radius 01 0.8 mm. Moreover, the surface
area of the abrasive surface was 3 mmx3 mm.

With a sample S4 of an Embodiment 1 shown in FIG. 94,
base portions 109 having a height of 1 mm were arranged on
a substrate layer 101, roughly prism shaped tip portions 110
were arranged on the base portions 109 such that the height
from the substrate layer 101 became 5 mm, and an abrasive
layer 111 was established. Moreover, the bottom portions of
groove portions 112 between the tip portions 110 and the
bottom portions of groove portions 113 between the base
portions 109 were each formed having a rounded shape with
a radius of 0.8 mm. The surface area of the abrasive surface
was 3 mmx3 mm. With a sample S5 of an Embodiment 2
shown 1 FIG. 9e, an abrasive layer 115 1s provided with a
similar structure as Embodiment 1 with the exception that the
height of a base portion 114 was 2 mm.

FIG. 10 1s an 1llustration showing the test results thereof.
As shown 1n this figure, 1n Comparative Example 1 wherein
the height of the protrusion portion 1s low, the collapse
strength 1s naturally high, but the collapse strength of
Embodiment 1 in which the tip portions are formed nto
groups by base portions 1s improved roughly four times com-
pared to the Comparative Example 2 that does not have base
portions and roughly two times compared to the Comparative
Example 3. Moreover, the collapse strength of Embodiment
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2, which has a thick base portion, 1s further improved 1.3
times compared to Embodiment 1.

What 1s claimed 1s:

1. An abrasive pad used to abrade the surfaces of glass,
ceramic, and metal materials; the abrasive pad comprising:

a substrate layer; and

an abrasive layer provided on a first surface side of the

substrate layer and comprising an abrasive material;
and the abrasive layer comprising:

a plurality of base portions arranged mutually separated on

the substrate layer;

columnar or frustum shaped tip portions arranged mutually

separated on the base portions; and

a group ol grooves containing a plurality of groove por-

tions provided between base portions such that the sub-
strate layer 1s exposed, with each of the grooves mutu-
ally intersecting.

2. The abrasive pad according to claim 1, wherein a surface
area of a top face of the base portion is from 30 mm~ to 400
mm”~.

3. The abrasive pad according to claim 1, wherein a bottom
portion of the groove portions between the tip portions forms
a tapered shape on the base portion.

4. The abrasive pad according to claim 1, wherein a bottom
portion of the groove portions between the base portions
forms a tapered shape on the substrate layer.

5. The abrasive pad according to claim 1, wherein the
substrate layer 1s formed of a material having flexibility.

6. The abrasive pad according to claim 1, wherein a layer
having tlexibility 1s provided on a second surface side of the
substrate layer.

7. The abrasive pad according to claim 1, wherein, an
aspect ratio of the tip portions 1s from 0.2 to 10.

8. A method for abrading glass, ceramic, and metal mate-
rials using an abrasive pad according to claim 1;

the abrading method comprising a process of securing the

second surface side of the substrate layer on a platen,
bringing the abrasive layer and object for abrasion into
contact, and then relatively rubbing the abrasive pad and
a grinding fluid against the object for abrasion, while
introducing the grinding fluid between the object for
abrasion and the abrasive layer.
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